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A facility to performinfrared microspectroscopy ianderdevelopment athe NSLS of Brookhaven
National Laboratory.The highbrightness infrared lighproduced as synchrotron radiation makes a
nearly ideal source for microspectroscopy. High quality spectra fropm16ized areas can be
acquired in lesthan 1 min. Adescription of the installatiommicrospectroscopy performance, and
an example application are presentétd1995 American Institute of Physics.

[. INTRODUCTION i.e. ~2 to 1Qum, for the principal wavelengthrange of
) ) ) interest. Thus, an additional order of magnitude in bright-
Infraredmicrospectroscopy combinéise spatiaresolu-  nessmight be gained with suctustom optics. Still, when
tion of a microscope withinfrared spectral analysis. The compared to the globarpotsize of >10@m diameter, one

technique becameractical following the development of  gniicipategwo orders of magnitudbigher brightness using
rapid scarFTIR (Fourier transform infrared) spectrometers|r_sRr with the existing optics at U2B.

in the 1980's. The primary spectral range is the mid-infrared Preliminary tests of thelR-SR source for micro-
(wavelengths from 2.5 to 1§m or 650 to 4000 c¥),  gpectroscopy were conducteith a commercial instrument;
known as the molecular fmgerpnnt_reglo_n due to t_he uniqug gpectra Tech "™ scanning infraredmicrospectro-
absorption features of_ many_chemlsaéueé Material de- meter. The IRs" consists of aapid scanFTIR spectro-
fects, such as found in semiconductor crystds|also be  neterand IR microscopeintegrated into one instrument.

located and characteriZed Two sets of apertures, located at secondafgcuses

The demands on the IBource, detectorand optical  jmegiately beforand after the primary samplicus, are
quality are more rigorouthanfor standard IRSpectroscopy. seq to controthe sizeandshape of the illuminatespot at

Sensitive, small aredetectorsand special optical elements sample positiomnd also reject scattered or diffracted
thatperform at the diffraction limit are available in existing light. The tests began with transmission measurements

systems. Likeother microscopies, gery bright source of through small apertures at the primary sanfplas, and

light is needed,yet the standardsource for mid-infrared i, yqgiately confirmed the anticipated superior performance
microspectroscopy ighe globar; a T~1200Kblackbody ging the infrared synchrotr@ource. Inparticular, signal

source of moderate brightness. In comparisdraredsyn- levels through a 13im diameter aperturavere found

ghror;ctro? r_?_diat_iofr(lR—dSI;) CaT. be 2 \c;;gers OI g‘lf"‘%niémte comparable to those obtained using tin¢ernal globar
righter. - Twoinirared beamiines haveeen established a sourcethrough a 10Qum aperture. This confirms a two

the NSLS VUV ring, with one (designatetd2B) devoted to order-of-magnitude brightness advantage.

h|g|1|h rk])tnghrtfnei;ssgegtrosIcropséI mt?e I;“éd'ma”nd trr];[azlf.r E:(h' . The intrinsic (i.e. with nasecondary aperture$R-SR
cefient pertormancaasaiready been demonstrated for other, i, 0 hroquced athe IRus” sample location was

Eﬁﬂeb[)lggmﬁr?: ;Ede(i)t;?iizogrlg ;sglr:cgizrﬁefleescnptlon determined by scz_inning aun dia_m_eter aperture across the
focusand measuring the transmittedensity. At awave-
length of 5um, the IR1s" 15x objective(N.A. = 0.58) pro-

II. INSTRUMENTATION duced a FWHMintensity profile approximately 1jzm x

20um (seeFig. 1), consistent with the rayacing predic-

tion. We agaimote that afactor of two orthree smaller
spotsize could be realized bgliminating the mirror
aberrations (e.g. replacing sphericals with ellipsoids),
leading to better confinement of theamand an additional
order of magnitude improvement in brightness.

The potential for microscopy with IR-SR can be illustra-
ted by raytracing calculations. Th®&2B beamline collects
8x12 mrad andlelivers an IR flux comparable to the globar
source of commercial FTIR spectrometeWhen thisflux
is focused by an #/0.7 (N.A.=0.58)objective athe sample
stage of a microscope, rasacing predicts an illuminated
area 1Qum x 20um. The shape&nd size is determined by

small aberrations (spherical aberratiand coma) intro- ||| PERFORMANCE
duced bythe beamline's spherical mirrors. If the beamline's
optical elements were replacedth ideal ellipsoids, the We nextshowthat thebrightness advantage translates

synchrotron source would produce a diffraction-limited spotto higher performance spectroscopy femall specimens.
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FIG. 1. Intensity profile map dhe intrinsic spotsize at theplsf;TM sample FIG. 3. Absorbance mager a CdZnTe single crystal wafer. A 1@0n X
focus using the IR-SR source at thi?B beamline. A representative 160pm areawas scanned at 10m intervals. Left panel: absorbance at
wavelength of fum was chosen. A = 6pm: right panelX = 2.5um

The available signal-to-noise can be illustrated by ratioingpecimens. Figure 2 showsbat performance for two
two spectra with no sample. A plot of this rajeersus different apertures using both the synchroteord globar
frequency or wavelength) producesiree around 100% (i.e. (internal)sources. Except for features due to variations in
unity), with deviations from the 100%alue an indication of the ambient CQ and HO air concentrations (e.gnear
noise. Such "100% lines" can be measured threagious 2400 cml), the noise is predominantly random. The time
apertures to indicate the performance availdbfesmall  to scan each spectnas about Ininutefor the 13um aper-
ture and 4 minute®r the 3um aperture. In bothases the
IR-SR source outperformthe globar. This is particularly
@ () true for the smaller aperture where the noisethe IR-SR
source is mor¢ghan 20times smaller. To achiewhke same
S/N ratio with the globar, ongould need tessignalaverage
at least 400 times longer, so a four minute measurement
with IR-SR would take more than 1 day with the globar. We
also notethat reasonable performance is achievbbugh
the 3um diameter aperture for wavelengths out tan?
(1400 cml). This demonstrates the potential loigh
brightnessIR-SR for spectroscopy beyorttie diffraction
limit (e.g. near-field).
One application of spectroscopieapping isfor locat-
- - - 0.98 s L ing andidentifying materialdefects in semiconductors. For
1000 2000 3000 4000 1000 2000 3000 4000 . e .
Frequency [cm™ | Frequency [cm™ ] _e_xample,oxygen_ forms a def_ect in silicdthat can be_ ident-
© o |f|e(_1 b_y well-d_eflned absorption featurasar1100 cml. In
a similar fashion, we have attempted to characterize the na-
T ,M | ture ofdefects in CdZnTaingle crystal wafers; a substrate
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MULiCEC materialfor many II-VI semiconductor devicesTellurium
o “N frequently forms precipitates #w microns in size, and
' ‘M these may affecthe performance oflevices grown on the
substrate's surface. Thbsorbance features of Te precipi-
tates are unknowrut using bulk Te as a guide, wgpect
increasing absorbancéor wavelengths lesghan 3um.
IRus" spectra for individual Te precipitatese consistent
with this expectation Absorbance maps for wavelengths
longer (6um) and shorter(2.5um) than thisappear to
1000, /2000~ 3000 4000 1000 2000 13000 4000 differentiate regions containing Te. Figure 3 reveals a Te
Frequency [em] Frequency [cm™ ] precipitate at the locatiox=-10pm, y=+40um. The
microscope focus waset to a position 500m deepinto the

FIG. 2. “100% lines” for small apertures, comparing synchrotron and globar sample The other absorptlon featuresar x =0um,
sources. Upper panels comparept3 pinhole aperture signal-to-noise for _
(a) synchrotron source and (b) globar source. Lower panels compare 3 Y = ~40um for A=2.5um suggest other Te precipitates,

pinhole aperture signal-to-noier (c) synchrotron source and (d) globar €ither smaller in size or at a different depth in the CdZnTe
source. wafer.
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